Coenzyme A esters of all-trans-and 13-cisretinoic acid were synthesized for use in studying vitamin A metabolism. The esters were obtained by two different synthetic methods starting from retinoic acids, which were converted to activated succinimidyl esters or anhydrides. These in turn were coupled with coenzyme A to form their respective thioesters. The retinoyl coenzyme A esters were purified by reverse-phase high performance liquid chromatography.
Extensive studies on the metabolism of vitamin A over the past two decades have resulted in evaluation of a series of metabolites of all-trans-retinoic acid (1) . Of many metabolites found and tested, only the 13-cis isomer of retinoic acid (2, 3) and retinoyl ,-glucuronide (4) were found to have biological activity equivalent to that of all-trans-retinoic acid. However, the question of whether the retinoic acids must be further metabolically altered before expressing biological activity remains unanswered.
In the course of our investigation of vitamin A metabolism, we have found that rat liver microsomes produce a nonpolar metabolite of retinoic acid identified as ethyl retinoate (5) . The formation of ethyl retinoate was observed to be greatly increased by the addition of CoA and an ATP source (5) . In addition, a CoA ester of another natural carboxylic acid (i.e., o-succinylbenzoic acid) has been found as an intermediate in the biosynthesis of vitamin K2 (6) . Based on the experimental data obtained and known carboxyl activation by CoA, a retinoyl CoA intermediate has been postulated as a key donor of the retinoyl moiety or the key intermediate in the metabolism of retinoic acid. In order to test this hypothesis, we have undertaken chemical and enzymatic synthesis of CoA esters of retinoic acid.
In this paper we describe the chemical synthesis of CoA thioesters of all-trans-and 13-cis-retinoic acid as well as a convenient method for preparative purification of these products.
EXPERIMENTAL PROCEDURES
Chemicals. All-trans-retinoic acid and the sodium salt of CoA were purchased from Sigma. N-Hydroxysuccinimide and N,N'-dicyclohexylcarbodiimide (DCC) were from Aldrich. Disposable silica gel Sep-Pak cartridges (Waters Associates) were used for purification of synthetic compounds.
All operations involving the use of retinoic acid analogs were performed under yellow light in a nitrogen atmosphere. Glassware silanized with dimethyldichlorosilane was used for the synthesis, handling, and storage of CoA thioesters of retinoic acid. All reactions were done using 1-and 5-ml Reacti-Vials (Pierce).
Chromatographic Techniques. Analytical and preparative TLC was done with precoated aluminum silica gel sheets with fluorescence UV indicator. Preparative TLC was carried out on glass pre-coated TLC silica gel plates (20 x 20 cm, 2 mm thick) without fluorescence indicator (EM Science, Gibbstown, NJ). Plates were developed with two solvent systems:
A, hexane/ethyl acetate, 1:1 (vol/vol); and B, 1-butanol/acetic acid/water, 5:2:3 (vol/vol). HPLC was performed with a Beckman model 420 liquid chromatograph (Beckman Instruments, Arlington Heights, IL) equipped with model 110A pumps and a model 160 fixed-wavelength UV detector operated at 254 or 340 nm. A Zorbax-ODS reverse-phase column (9.4 x 250, DuPont) and Spherisorb C8 column (4.6 x 250, Phenomenex, Rancho Palos Verdes, CA) were eluted with 10 mM NH4OAc in a methanol/water gradient system at a flow rate of 1.5 ml/min. Spectrometric Analyses. Electron impact mass spectra (EI-MS) were recorded at 70 eV with an AEI MS-9 mass spectrometer coupled to a DS-50 data system. UV absorption spectra were recorded in absolute ethanol or water with a Hitachi model 100-60 UV-visible spectrophotometer. IR spectra were recorded on a Nicolet MX-1 FT-IR spectrometer in CC14 solution or by using films of oily substances.
Proton magnetic resonance spectra ('H-NMR) were taken with a Bruker WH-270 FT spectrometer. in completely deuterated acetone (acetone-d6) solutions containing tetramethylsilane as internal standard. Beckman model 4500 pH meter equipped with a Beckman COMB pH-electrode was used for pH adjustments.
RESULTS
The methods for the preparation of all-trans-retinoyl CoA (compound 4 in Table 1 and Fig. 1 ) and 13-cis-retinoyl CoA (compound 7 in Table 1 and Fig. 2 ) are shown in Table 1 and Figs. 1 and 2. All-trans-retinoic acid (1) was first converted into the activated intermediate, N-hydroxysuccinimidyl ester 2 or anhydride 3. Ester 2 was prepared by the DCC method and purified by simple crystallization from methanol. Anhydride 3 was obtained by using the same DCC method and acetonitrile as a solvent. This reduces the formation of addition by-products of DCC and retinoic acid. The anhydride isolated by silica gel chromatography showed analytical data identical with the values reported for a preparation obtained by the acyl chloride method (7). Both activated intermediates 2 and 3 were used for the preparation of retinoyl CoA. The coupling was performed in a tetrahydrofuran/water system that solubilizes both the retinoid and CoA. The pH range 8.0-8.5 was found to be optimal for promotion of the coupling. Ester 2 was found to be much more effective than the anhydride 3 in the coupling reaction. The reaction proceeded to completion after -20 hr at 35°C. 
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. Anhydride 3 also provided ester 4, but the reaction did not go to completion even when a large molar excess of anhydride 3 and a prolonged reaction time were used. The method with anhydride 6 was also successfully used for the preparation of 13-cis-retinoyl CoA, compound 7 . Esters 4 and 7 were identified based on their chemical, chromatographic, and spectroscopic properties. The UV absorption spectrum of ester 4 ( Fig. 3) solved silica gel were hard to remove from a very polar solvent mixture (acetic acid/water) that must be used to elute the product from the silica gel support. The reverse-phase HPLC method was developed for the isolation and purification of esters 4 and 7. A solution of NH4OAc (10 mM) in a water/methanol gradient system was found to be effective for the isolation of the product from the reaction mixture and for the final purification of both esters (Fig. 4) .
Preparation of N-Hydroxysuccinmididyl Ester of ASl-TransRetinoic Acid (Compound 2). All-trans-retinoic acid 1(20 mg, 64 A.M) in 0.8 ml of dioxane was treated with N-hydroxysuccinimide (7.6 mg, 64 ,M) in 0.4 ml of dioxane and with DCC (13.6 mg, 64 AuM) in 0.4 ml of dioxane. The resulting solution was magnetically stirred at room temperature for 5 hr and then diluted with 10 ml of ethyl ether. The precipitated dicyclohexylurea was separated by filtration, and the filtrate was evaporated to dryness under reduced pressure. The oily residue was dissolved in warm methanol (10 ml), and the solution was concentrated under reduced pressure until a (8) to give moderate-to-high yields for a variety of saturated aliphatic carboxylic acids, but no reaction was observed for a,,S-unsaturated 2-decenoic acid. For the preparation of the title compounds, we have selected the method using N-hydroxysuccinimidyl esters and symmetric anhydrides as activated intermediates ofretinoic acids for coupling with CoA. N-Hydroxysuccinimidyl ester method was also reported to be unsuccessful in synthesizing CoA derivatives of enoic acids (9) . In our hands, however, the method provided the final products very smoothly with relatively high yields. The CoA ester ofall-trans-retinoic acid was also obtained with the symmetric anhydride, although in this procedure the conversion of active intermediate into the
CoA ester was rather low.
With the retinoyl CoA preparations in labeled or unlabeled form, an investigation of the possible role of these thioesters in the function and metabolism of vitamin A is now possible.
